Introduction {#S0001}
============

Cervical cancer is the second most common female malignancies, especially in developing countries. There are about 570,000 new cases worldwide each year, accounting for 5% of all new cancer cases,[@CIT0001] and more than 311,000 patients died of cervical cancer. China is the largest developing country, with nearly 98,900 incident cases and 30,500 mortalities reported in 2018.[@CIT0002] However, the incidence and mortality are increasing year by year. Current research indicates that persistent high-risk HPV infection is a necessary cause of cervical cancer. However, the exact etiology of cervical cancer is still under investigation.

Despite the improvements in surgical skills and radiotherapy method, the prognosis is still poor in patients with advanced stage. Unfortunately, the five-year survival rate of FIGO stage III patients is 40--43%, and stage IV is 15--20%. Therefore, it is critical to explore pathogenesis and identify efficient molecular biomarkers to ameliorate the diagnosis and treatment of cervical cancer.

Siva 1 was originally identified as a proapoptotic protein that bound to the cytoplasmic tail of CD27.[@CIT0003] The structure of Siva 1 protein contains an amphipathic helical region (SAH) at the amine-terminus, a death domain homology region in the internal sequences, a box-B-like ring finger and a zinc ring finger-like domain in the carboxyl terminus.[@CIT0004],[@CIT0005] Lots of convincing evidence suggest that Siva 1 induced apoptosis in several different malignant tumors. It can participate in both exogenous and endogenous apoptotic signaling pathways. Siva 1 was found to be a transcriptional target of two transcription factors, p53 and E2F1, and it plays an indispensable role in 53-dependent apoptosis and DNA repair.[@CIT0006],[@CIT0007] It could interact with some TNFR receptor family members, including CD27,1 GITR (glucocorticoid-induced), OX40 (CD134), 4-1BB (CD137) and CD40.[@CIT0008] Siva 1 was demonstrated to induce T lymphocyte apoptosis via a caspase-dependent mitochondrial pathway,[@CIT0009] it could also negatively regulate NF-κB signaling pathway through interaction with FOXP3 in T-cells. Because of the unique SAH region, Siva 1 binds to Bcl-xL and inhibits its antiapoptotic potency to protect breast cancer cells from the ultraviolet radiation.[@CIT0010] Whatsmore, His-Siva 1 recombinant protein was found to inhibit migration and invasion of HCT116 cells.[@CIT0011] And our previous study found that Siva 1 plays a role in restricting EMT and inducing apoptosis by phosphorylation of stathmin and polymerization of α-tubulin.[@CIT0012]

Despite these studies, the expression of Siva 1 in cervical cancer and its biological function are still unclear. In this study, we examined the expression of Siva 1 in cervical cancer tissues and evaluate the prognostic value of it. Moreover, we explored the association of Siva 1 expression with several clinicopathological parameters. Some functional experiments were performed to explore the underlying molecular mechanism by up-regulation of Siva 1 in C33A cells. In addition, our study indicated that Siva 1 played a significant role in tumor progression and it might be a prospective therapeutic target and prognostic marker for cervical cancer.

Materials and Methods Tissue Collection {#S0002}
=======================================

In this study, 87 cervical squamous cancer samples, 34 cervical intraepithelial neoplasia (CIN) tissues and 20 normal cervical tissues were collected from the Qilu Hospital of Shandong University between April 2005 to October 2007. The clinical stages were classified according to the FIGO staging criteria\[12\]. All of the enrolled participants had not received radiotherapy or chemotherapy before surgery. The pathological diagnosis of specimens was confirmed by three pathologists, respectively. All patients have provided written informed consent, and this study was conducted in accordance with the Declaration of Helsinki. The present study obtained the permission by Ethics Committee of Qilu Hospital and the approval number is KYLL-2018--372.

Immunohistochemistry Staining {#S0002-S2001}
-----------------------------

Immunohistochemical staining for Siva 1 was conducted according to the PV-9000 kit protocol. Rabbit anti-human anti-Siva 1 polyclonal antibody (sc-48767, Santa Cruz Biotechnology) was diluted 1:200. The specificity of the antibody was determined with matched IgG isotype antibody as a negative control. Protein expression of all slides was evaluated by three pathologists, respectively. Each sample should be evaluated including the staining intensity and staining area. Immunohistochemical staining of Siva 1 was scored in accordance with the intensity (0, no staining; 1, weak staining; 2, moderate staining; 3, strong staining) and the percentage of positive cells (0, no stained; 1, \<10% tissue stained positive; 2, 10--50% stained positive; 3, \>50% stained positive; 4, \>75% stained positive). The expression result was scored based on the intensity score×percentage staining. If the data ≥2, it is regarded as positive (+).[@CIT0013]

Cell Culture and Establishment of Stable Transfected Cell Line {#S0002-S2002}
--------------------------------------------------------------

The human cervical cancer cells, C33A cells, Hela cells and Siha cells were purchased from the American Type Culture Collection (ATCC; Manassas, VA) and maintained in DMEM supplemented with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare; Logan, UT, USA) at 37°C in 5% CO2. Siva 1 overexpression plasmid pCMV3-Siva 1 was designed by China National Pharmaceutical Group Co., Ltd. C33A cells transfected with plasmids using lipofectamine reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Two hundred micrograms per milliliter G418 (Invitrogen; Thermo Fisher Scientific, Inc.) was contained in the medium during the whole process of cell culture. The transfection efficiency was determined by both Western blot and RT-qPCR. Then, the stable over-expressing Siva 1 C33A cells were established for subsequent experiments.

RNA Isolation and Real-Time Polymerase Chain Reaction (RT-PCR) {#S0002-S2003}
--------------------------------------------------------------

The RNA of C33A cells was extracted by TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and then converted to cDNA using the miScript Reverse Transcription kit (Qiagen GmbH). Quantitative real-time PCR was performed by SYBR ExScript RT-PCR kit (Takara Biotechnology, Co., Ltd., Dalian, China) according to the manufacturer's protocol. β-Actin was selected as the reference gene to normalize the mRNA expression. The primers used in this study were as follows: Siva 1-F: CCAAGCGACTCCTGTTCCTC; Siva 1-R: CCAATCAGCATCTGCCCAC. β-Actin- F: CTTAGTTGCGTTACACCCTTTCTTG; β-actin- R: TGTCACCTTCACCGTTCCAGTTT.

Western Blot Analysis {#S0002-S2004}
---------------------

Cells were lysed and the proteins were separated in 10% SDS-PAGE, then transferred to a polyvinylidene difluoride membrane. After blocked with 5% non-fat milk the membranes were incubated with the following primary antibodies at 4°C overnight. Anti- Siva 1 antibody (sc-48767, Santa Cruz Biotechnology), anti- cleaved caspase-3 polyclonal antibody (ab2302, Abcam, Cambridge, UK), anti-Bax antibody (BA0315, Boster, Hubei, Wuhan, China), anti-Bcl-2 polyclonal antibody (BA0412, Boster, Hubei, Wuhan, China) were used. After washing with TBST 4 times for 5 min, the membranes were incubated with anti-rabbit or anti-mouse or anti-goat HRP-conjugated secondary antibody. The protein bands were visualized with a ECL reagent (Wanleibio Co., Ltd.) by the ImageQuant LAS 4000 system (GE Healthcare Life Sciences, Logan, UT, USA). β-Actin (A5316, Sigma) was used for equal loading.

CCK-8 Assay {#S0002-S2005}
-----------

The cell proliferation was performed by a Cell Counting Kit-8 (Sigma-Aldrich Co., St Louis, MO, USA) assay. In detail, 2x103 stable transfected cells and control cells were seeded into 96-well plates. At specific time points (0, 12, 24, 48, 72 h), 10 ul of CCK-8 working solution was added into each well and incubated at 37°C for 90 mins. The absorbance at 450 nm was detected using a microplate reader (Bio-Rad Laboratories, Inc.). The experiment was repeated three times.

Flow Cytometry Analysis of Cell Apoptosis {#S0002-S2006}
-----------------------------------------

Stable transfected cells (5x105/well) and control cells were seeded in 6-well cell culture plates and collected with 0.5% trypsin. Then, the cells washed twice with cold PBS and resuspended in 400 ul binding buffer, and stained with Annexin V-FITC and PI in the dark according to the manufacturer's protocol (Wanleibio Co., Ltd.). Analysis was performed using flow cytometry (BD, San Jose, CA, USA). This experiment was performed three times.

Transwell Migration Assays {#S0002-S2007}
--------------------------

For cell invasion assay, Corning Matrigel Invasion Chamber in 24-well plate (Corning Life Sciences, Lowell, MA, USA) was used. Briefly, 20 ul matrigel (BD) was added into the polycarbonate surface of each chamber to create an artificial basement membrane. Stable transfected cells and control cells were plated in the upper chamber in medium without serum. Eight hundred microliters DMEM media with 10% FBS was added to the lower chamber. After 24 hrs incubation, the cells of the chamber bottom were fixed with 4% paraformaldehyde and stained with 0.5% crystal violet solution. The numbers of cells were calculated and images were captured under a microscope from five randomly fields in each well. Each transwell assay was carried out in biological triplicates.

In vitro Wound-Healing Assay {#S0002-S2008}
----------------------------

Transfected cells and control cells were seeded in a 6-well plate to reach confluence. The wound was scratched using a sterile pipette tip. Images were taken at a specific time after wounding with an inverted phase-contrast microscope (Motic, Xiamen, Fujian, China) at magnification x100. The cell migration rate was calculated as relative scratch width/the original scratched distance.

Statistical Analysis {#S0002-S2009}
--------------------

All the data were analyzed using SPSS software version 22.0 (SPSS Inc., Chicago, IL). Differences between groups were analyzed by the Student's *t*-test and one-way ANOVA. *χ*2 test was used to evaluate the correlation of Siva 1 expression with clinicopathological parameters. The Kaplan--Meier survival analysis was used to analyze the survival results. P \< 0.05 was considered statistically significant.

Results {#S0003}
=======

Downregulation of Siva 1 in Cervical Cancer {#S0003-S2001}
-------------------------------------------

Former studies revealed that Siva 1 might have different roles in some cancers. However, the biological function of Siva 1 expression in cervical cancer was still unknown. Thus, immunohistochemistry (IHC) was carried out in 20 normal cervical tissues, 34 CIN tissues and 87 cervical cancer tissues. We found that the staining of Siva 1 was mainly located in the cell cytoplasm and nuclei ([Figure 1](#F0001){ref-type="fig"}). And Siva 1 expression was obviously down-regulated in cervical cancer tissues compared with normal and CIN tissues (P \< 0.001). The percentages of Siva 1 positive expression in normal tissues, CIN and cervical cancer tissues were 90% (18/20) 61.7% (21/34) and 29.9% (26/87), respectively (P \< 0.01) ([Table 1](#T0001){ref-type="table"}). Moreover, the expression of Siva 1 was gradually decreased from CIN I to CIN III (P = 0.013). These results identified that the loss of Siva 1 expression may play a role in the progression of cervical cancer.Table 1Detection of Siva 1 in Normal Cervix, CIN and Cervical Cancer TissuesDiagnostic CategoryNo.Expression of Siva 1PositiveNegativeP-valueNormal20182\<0.001CIN342113Cancer872661CINCIN I121020.013CIN II972CIN III1349 Figure 1Immunohistochemical staining of Siva 1 in normal cervical tissues, CIN tissues and cervical cancer tissues. The expression of Siva 1 in was downregulated in cervical cancer tissues compared with normal tissues and CIN.

Correlation Between Siva 1 Expression and Clinical Pathological Features {#S0003-S2002}
------------------------------------------------------------------------

The association between Siva 1 expression and patients' clinical parameters is shown in [Table 2](#T0002){ref-type="table"}. Statistical analysis demonstrates that Siva 1 immunoreactivity was markedly associated with tumor differentiation (P=0.0204). However, we did not find statistical correlations between the expression level of Siva 1 with age (P=0.7183), tumor size (P=0.7844), FIGO stage (P=0.5361), lymph node metastasis (P=0.3414) and stromal invasion (P=0.9465).Table 2Correlation of Siva 1 Expression with Clinicopathological Parameters of Cervical CancerVariablesNo.Expression of Siva 1 P-valuePositiveNegativeAll872661Age (Years) \<505116350.7183 \>50361026Tumor Size \<4 cm6218440.7844 \>4 cm25817FIGO Stage \<IIA5618380.5361 \>IIB31823Lymph Node Metastasis Absence6822460.3414 Presence19415Stromal Invasion \<2/3 depth6419450.9465 \>2/3 depth23716Tumor Differentiation High/moderate5822360.0204 Low29425

The Prognostic Significance of Siva 1 in Cervical Cancer {#S0003-S2003}
--------------------------------------------------------

To further evaluate the relationship between Siva 1 expression and prognosis of cervical cancer, we used Kaplan--Meier curves and log-rank test to analyze the survival data based on follow-up. Decreased overall survival (OS) time was observed in cervical cancer patients with Siva 1-negative expression compared with those with Siva 1-positive expression (P=0.0336, [Figure 2](#F0002){ref-type="fig"}).Figure 2Kaplan--Meier curves based on Siva 1 expression.

Siva 1 Inhibit the Proliferation of Cervical Cancer Cells {#S0003-S2004}
---------------------------------------------------------

C33A, Siha and CaSki cells were used to investigate the protein expression level of Siva 1 and potential biological function. We found that Siva 1 was expressed at a low level in C33A cells compared with other cells ([Figure 3A](#F0003){ref-type="fig"}). Then, C33A cells were transfected with the plasmid pCMV3-Siva 1 to generate stable overexpression transfected cells. The efficiency of over-expression of Siva 1 in pCMV3-Siva 1 was confirmed by Western blot and qRT-PCR, and it was about 3.68- fold compared with vector cells ([Figure 3B](#F0003){ref-type="fig"}). CCK-8 assay was performed to determine the influences of Siva 1 on cervical cancer cell viability. [Figure 3C](#F0003){ref-type="fig"} showed that up-regulation of Siva 1 significantly decreased the proliferation of C33A cells. The cell viability was decreased by 22.7% (P=0.006), 28.7% (P=0.001), 35.9% (P\<0.0001), 35.9% (P\<0.0001) and 34.4% (P=0.001) in 24, 48, 72, 96 and 120 h, respectively.Figure 3Siva 1 expression in three cervical cancer cell lines and its effects on cell proliferation.(**A**) The protein levels of Siva 1 were detected by Western blot in C33A, CaSki and SiHa cells. (**B**) Establishment of stable transfected cells of ectopic expression of Siva 1. C33A cells were transfected with plasmid pCMV3-Siva 1 and underwent G418 selection. Transfection efficiency was determined by Western blot and qRT-PCR. (**C**) CCK-8 assay result showed that up-regulation of Siva 1 inhibited cell proliferation of cervical cancer. \*\*P\<0.01 compared with the control groups.

Siva 1 Overexpression Promotes Apoptosis of Cervical Cancer Cells {#S0003-S2005}
-----------------------------------------------------------------

Cell apoptosis plays a significant role in tumor development, flow cytometry was used to explore the apoptotic effect of Siva 1 expression on cervical cancer. The results indicated that up-regulation of Siva 1 significantly promotes cell apoptosis, the rate of total apoptosis was 32.8% and 4.1% for pCMV3-Siva 1 transfected cells and vector cells, respectively (p\< 0.01; [Figure 4A](#F0004){ref-type="fig"}). [Figure 4B](#F0004){ref-type="fig"} shows that there was a distinct increase in the number of cells in both early and late apoptosis (p\<0.01).Figure 4Overexpression of Siva 1 promotes cell apoptosis. (**A, B**) Overexpression of Siva 1 by pCMV3-Siva 1 induced both early and late apoptosis in C33A cells by flow cytometry. (**C**) Western blot analysis showed that enforced expression of Siva 1 increased the expression of cleaved caspase3 and Bax and reduced the expression of Bcl-2 in cervical cancer cells. \*P\<0.05, \*\*P\<0.01.

The Effect of Siva 1 Expression on Cell Apoptosis-Related Proteins {#S0003-S2006}
------------------------------------------------------------------

To uncover the underlying molecular mechanisms by which Siva 1 promotes cell apoptosis of cervical cancer. The apoptosis-related proteins including cleaved caspase-3, Bax and Bcl-2 were detected by Western blot. We found that the overexpression of Siva 1 significantly increased the expression of cleaved caspase-3 by 1.61-fold, increased the expression of Bax by 1.95-fold and decreased the expression level Bcl-2 by 41% ([Figure 4C](#F0004){ref-type="fig"}).

Effects of Siva 1 Overexpression on Cell Migration and Invasion {#S0003-S2007}
---------------------------------------------------------------

Cell invasion and migration is a vital process during tumor metastasis. We explored the migration and invasion ability by wound healing and transwell invasion assay after Siva 1 overexpression. The scratched cells were photographed at 24 h and 48h. The results showed that the capability of wound-healing was obviously decreased in Siva 1-overexpressed C33A cells (p\<0.05; [Figure 5A](#F0005){ref-type="fig"}). For invasion assay, cells invaded into the downside of the chamber in the pCMV3-Siva 1 cells were significantly less than that of the control cells (p\<0.01; [Figure 5B](#F0005){ref-type="fig"}).Figure 5Overexpression of Siva 1 suppresses cervical cancer cell migration and invasion. (**A**) Up-regulation of Siva 1 inhibited the cell migration of C33A cells by wound-healing assay. (**B**) Transwell assay results showed that overexpression of Siva 1 suppressed the invasion ability of C33A cells. \*P\<0.05, \*\*P\<0.01.

Discussion {#S0004}
==========

Cervical cancer affects the health and safety of more than 500,000 people worldwide each year. It is also the fourth leading cause of female-related death. Accurate diagnosis and effective treatment are essential for cervical cancer. Several former studies showed that Siva 1 played a potential apoptotic role in various receptor and nonreceptor mediated cell death pathways.[@CIT0014]--[@CIT0019] In our previous study, Siva 1 was reported to be involved in the proliferation, apoptosis, migration and invasiveness of ovarian cancer. However, little is known about the exact mechanisms of the altered expression of Siva 1 during cervical cancer progression.

In the present study, we analyzed the expression of Siva 1 by immunohistochemistry in 87 cervical cancer samples, 34 CIN samples and 20 normal samples. The results indicated that Siva 1 expression was down-regulated in cervical cancer compared with normal tissues and CIN tissues. Notably, the loss expression of Siva 1 indicated its important role in cervical tumor progression. The relationships between Siva 1 and clinical variables were analyzed, and we found that Siva 1 was significantly associated with tumor differentiation ([Table 2](#T0002){ref-type="table"}). The survival analysis demonstrated that the loss expression of Siva 1 significantly predicted worse clinical outcome in cervical cancer patients, which suggested Siva 1 might be a credible prognostic predictor for cervical cancer. According to the presented data, we assumed that the loss of Siva 1 might play a vital role in tumorigenesis and progression in cervical cancer.

To further investigate the biological function of Siva 1 in cervical cancer, we established stable over-expressed Siva 1 C33A cells. The CCK-8 and flow cytometry analysis demonstrated that up-regulation of Siva 1 could dramatically inhibit cell proliferation and induced cell apoptosis, the results were consistent with the study by Machado-Neto in leukemia Cells.[@CIT0020] A recent study showed that the unique 20-amino-acid amphipathic helical region (SAH) could bind to BCL-2 or BCL-XL and abolish their antiapoptotic activity.

Furthermore, downregulation of Siva 1 in U937 cells leads to an elevated expression of Bcl-xl, and decreased expression of Bax by suppressing the phosphorylation of JNK.[@CIT0012],[@CIT0018] A study also found that Siva 1 suppressed the XIAP-TAK1-mediated NF-κB signaling pathway, but favored the JNK signaling and caspase-3-dependent apoptosis.[@CIT0021] In our research, we found that Siva 1 upregulated the expression of caspase-3 and Bax, downregulated the expression of Bcl-2. Combining the former research and our study, it is confirmed that Siva 1 inhibits cell proliferation by inducing cell apoptosis in cervical cancer.

Tumor metastasis is a complex and multi-step process, which is the leading cause of cancer treatment failure and high mortality. Previous research found that bacterially expressed Siva 1 performed anticancer activities: suppressed the invasion, migration and induced apoptosis of colon cancer cells.[@CIT0011] In addition, Siva 1 protein also found significantly inhibited the tumor metastasis of the nasopharyngeal carcinoma tumor-bearing mice.[@CIT0022] Based on the former study, we hypothesized that Siva 1 may play a role in the migration and invasion of cervical cancer. And our results were consistent with the former research, by wound healing and transwell assays, C33A cell migration and invasion ability were significantly decreased when Siva 1 was up-regulated. Given the above conclusions, these data improve the understanding of Siva 1 biological function in cervical cancer.

In summary, the results of our study indicated that Siva 1 was downregulated in cervical cancer, and the loss expression of Siva 1 related with the poor prognosis of cervical cancer patients. For molecular mechanism analysis, we found that Siva 1 may play a vital role in cell proliferation, apoptosis, migration and invasion. The present study revealed a crucial role for Siva 1 in tumor progression and it may be a valuable prognostic indicator of cervical cancer.
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